16 O nucleus was investigated through the 15 N(p,α)
PHYSICS BACKGROUND
The target nucleus of this investigation, 15 N, is of interest to nuclear astrophysics as it acts as a branching point nucleus in the CNO cycle. Through the 15 N(p,α) 12 C reaction it may create 12 C and thus serve as a trigger to the CNO 1 cycle, while through the 15 N(p,γ) 16 O reaction it may start the CNO 2 cycle [1] . In either case, the reaction proceeds through resonant states of 16 O and requires the participation of a proton. The astrophysical S-factor of the 15 N(p,α) 12 C reaction is thought to be influenced by two known resonant 1 -states at 12.44 and 13.09 MeV in 16 O [2, 3] . This reaction was recently investigated experimentally and described with a R-matrix formalism by the Notre Dame group up to an 16 O excitation energy of E x = 13.5 MeV [3, 4] . The present measurement may enable for a description of this reaction channel beyond the 4-alpha breakup threshold (at E x = 14.4 MeV in 16 O), up to E x = 15.7 MeV, which may also improve the R-matrix description at the astrophysically relevant lower excitation energies. This region also contains candidates for the 4-alpha cluster state such as the 0 4 + state at E x = 13.6(1) MeV [5] and the 0 6 + state at E x = 15.1 MeV [6, 7] . The latter state was recently investigated through 16 O(α,α') 16 O inelastic scattering at iThemba LABS, and it was found that another state, exhibiting a very strong alpha-1 decay strength, may exist about 50 keV below it [8] 
EXPERIMENTAL METHOD
The Aarhus University 5 MeV Van de Graaff accelerator was used to provide a proton beam at E p = 700 -3800 keV to a target of C 15 N x which was surrounded by a closely-packed array of double-sided Silicon strip detectors (DSSDs), shown in Fig 1 (b) and (c). Two annular S3 detectors were placed up and downstream from the target, while two square wedge-shaped detectors were placed at right angles to the beam on both sides of and at about 4 cm from the target. The C 15 N x target was produced by radio frequency magnetron sputtering (RF MS), with a thickness of 40 μg/cm 2 
ANALYSIS AND RESULTS
Kinematic reconstruction of events where 12 C and alpha particles were observed in coincidence in the DSSD detectors was performed to obtain excitation energy information for the 16 Table 1 .
The yield of 12 C + α events was extracted and normalized to integrated beam current for every proton energy which was investigated by the energy scan. This enabled for the production of the normalized yield to excitation energy spectra for In total, ten known excited states of 16 O were identified from E x = 12 to 16 MeV. These are listed in Table 2 , and they include the 13.091 MeV 1 -state which is in the alpha-0 spectrum at a proton energy of E p = 1.03 MeV. There is no evidence for the E x = 13.6 MeV 0 4 + state, possibly because it is obscured by the E x = 13.664 MeV 1 -state. The 15.046 MeV 2+/3-state from Ref. [8] cannot be seen in Fig. 3 . This may be because the 14.92 MeV state, which is also known to have a very large alpha-1 branching ratio, may be interfering significantly in this energy region. There is clear evidence, however, at E x = 15.1 MeV of a broad state with a large alpha-0 strength which is presumably related to the 0 6 + state. These data will enable for an R-matrix description up to E x = 15.7 MeV in 16 O, which may also improve the description at the astrophysically important lower energies. O channels, but an upper limit could be estimated for their reduced widths as indicated in Table 1 . A detailed R-matrix analysis of these states must be performed to extract their strengths and widths, and therefore their implications to stellar reaction rate models.
